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Abstract 

Background: Previous observational studies regarding the existence of an association between folate intake and the risk of 
breast cancer have been inconsistent. This study aimed to summarize the evidence regarding this relationship using a dose- 
response meta-analytic approach. 

Methodology and Principal Findings: We performed electronic searches of the PubMed, EmBase, and Cochrane Library 
databases to identify studies published through June 2013. Only prospective observational studies that reported breast 
cancer effect estimates with 95% confidence intervals (CIs) for more than 2 folate intake categories were included. We 
excluded traditional case-control studies because of possible bias from various confounding factors. Overall, we included 14 
prospective studies that reported data on 677,858 individuals. Folate intake had little effect on the breast cancer risk 
(relative risk (RR) for highest versus lowest category = 0.97; 95% CI, 0.90-1.05; P = 0.451). Dose-response meta-analysis also 
suggested that a 1 00 |xg/day increase in folate intake had no significant effect on the risk of breast cancer (RR = 0.99; 95% CI, 
0.98-1.01; P = 0.361). Furthermore, we used restricted cubic splines to evaluate the nonlinear relationship between folate 
intake and the risk of breast cancer, and discovered a potential J-shaped correlation between folate intake and breast cancer 
risk (P = 0.007) and revealed that a daily folate intake of 200-320 ^g was associated with a lower breast cancer risk; however, 
the breast cancer risk increased significantly with a daily folate intake >400 i^g. 

Conclusion/Significance: Our study revealed that folate intake had little or no effect on the risk of breast cancer; moreover, 
a dose-response meta-analysis suggested a J-shaped association between folate intake and breast cancer. 
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Introduction 

Given its role as a modulator of DNA syntliesis, repair, and 
methylation, folate was liypotliesized to reduce tlie risk of breast 
cancer [I]. The importance of tliese processes in cell growth and 
development led to investigations of the consequences of either low 
or high folate intake on cancer development [2]. The results of 
several studies suggested that increased folate intake was associated 
with an increased prostate cancer risk [3] but significantly reduced 
risks of esophageal, stomach, pancreatic [4], and colorectal cancers 
[5]. However, data regarding the subsequent effects of folate 
intake on breast cancer are limited and inconclusive. 

A meta-analysis [6] based on 9 prospective studies and 14 case- 
control studies suggested no clear association between the folate 
intake or blood folate levels and the risk of breast cancer; however, 
folate appeared to significantly counteract the increased risk of 
breast cancer associated with moderate or high levels of alcohol 
consumption. It is particularly important to clarify the optimal 
daily folate intake level with respect to the general population, as 



this level has yet not been definitively determined. Furthermore, 
additional unanswered questions remain, including whether 
associations differ according to follow-up duration, and alcohol 
intake. 

Folate intake has been studied in numerous prospective studies 
of primary breast cancer prevention and, in the present study, we 
attempted a large-scale examination of these available prospective 
studies to update the results and determine the association between 
folate intake and the risk of breast cancer. Furthermore, we 
performed a dose-response meta-analysis to quantitatively deter- 
mine the optimal folate intake level with respect to the general 
population. 

Methods 

Data Sources, Search Strategy, and Selection Criteria 

This review was conducted and reported according to the 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analysis Statement [7] issued in 2009 (Checklist SI). 
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Potential articles from PubMed , EMBASE 
and Cochrane librar^n=640) 



Abstracts and title excluded during first screening (n=482) 
irrelevant (n=373) 
review/meta-analysis (n=46) 
case control (n=11) 
affiliate study (n=5) 
duplicated results (n=47) 



Articles reviewed in details (n=158) 



Articles excluded (n=139) 

84 articles have no reported breast cancer risk 

55 articles have no reported folate intake classification 



Articles included in meta-analysis 
(14 cohorts in 19 studies) 



Figure 1. Flow diagram of the literature search and studies selection process. 

doi:10.1371/journal.pone.0100044.g001 



Any prospective study that examined the relationship between 
folate intake and breast cancer was eligible for inclusion in our 
study, and no restrictions were placed on the publication language 
or status (published, in press, or in progress). We searched the 
PubMed, EmBase, and Cochrane Library electronic databases for 
articles published through June 2013 using the following search 
terms ("folate" OR "folic acid") AND ("cancer" OR "neoplasm" 
OR "carcinoma") AND ("cohort" OR "cohort studies" OR "nest 
case-control studies"). We also conducted manual searches of the 
reference lists from all relevant original and review articles to 
identify additional eligible studies. The medical subject headings, 
methods, patient populations, designs, exposures, and outcome 
variables of these articles were used to identify the relevant studies. 
Two of the authors (HFG and YFZ) conducted this literature 
search independently, according to a standardized approach. Any 
inconsistencies between the 2 authors were settled by the primary 
author (YHZ) until a consensus was reached. Studies were eligible 
for inclusion if the following criteria were met: (1) the study had a 
prospective design (prospective cohort or nested prospective case- 
control study); (2) the study investigated the association between 
folate intake and the risk of breast cancer; and (3) the authors 
reported the effect estimates (risk ratio [RR], hazard ratio [HR], 
or odds ratio [OR]) and 95% confidence intervals (CIs) for 
comparisons of highest and lowest category folate intake and 
included >2 folate intake categories. We excluded all case-control 
studies because various confounding factors could have biased the 
results. 

Data Collection and Quality Assessment 

The collected data included the first author's or study group's 
name, publication year, country, study design, folate exposure 
assessment, sample size, age at baseline, follow-up duration, effect 
estimate and 9.5% CI, comparison categories, and covariates in the 
fully adjusted model. We also extracted the numbers of cases/ 
persons or person-years, the effects of the different exposure 



categories, and the 95% CIs. For studies that reported several 
multivariable adjusted-effect estimates, we selected the effect 
estimate that had been maximally adjusted with respect to 
potential confounders. 

The highly comprehensive Newcastle-Ottawa Scale (NOS) [8], 
which has been partially validated for quality evaluations of 
observational studies in meta-analyses, was used to evaluate the 
methodological quality [9]. The NOS is based on the following 3 
subscales: selection (4 items), comparability (1 item), and outcome 
(3 items). A "star system" (range, 0-9) was developed for 
assessment purposes (Table SI). The data extraction and quality 
assessments were conducted independently by 2 authors (HFG 
and LZ). The information was examined and adjudicated 
independently by an additional author (YHZ) with reference to 
the original studies. 

Statistical Analysis 

We examined the relationship between folate intake and the risk 
of breast cancer on the basis of the effect estimates (RR or HR) 
and 95% CI published in each study. We first used the random- 
effects model [10,1 1] to calculate the summary RRs and 95% CIs 
for highest versus lowest category folate intake levels. Second, we 
transformed category-specific risk estimates into RR estimates 
associated with an increase in folate intake of 1 00 |J.g/ day by using 
the method of generalized least squares for trend estimation [12]. 
These estimates were calculated by assuming a linear relationship 
between die natural logarithm of RR and increasing folate intake. 
The value assigned to each folate category was the mid-point for 
closed categories and the median for open categories (assuming a 
normal distribution for folate intake). We combined the RRs for 
each 1 00 |J,g/ day increase in folate intake by using the results of a 
random-effect meta-analysis [10]. Third, We conducted a dose- 
response random-effects meta-analysis of the correlated natural 
logs of the RRs or HRs across all folate intake categories [12,13]. 
To derive the dose-response curve, we modeled folate using 
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restricted cubic splines with 3 knots at fixed distribution percentiles 
of 10%, 50%, and 90% [12]. This method required knowledge of 
the distributions of cases and persons or person-years and effect 
estimates (RRs or HRs) along with the variance estimates for at 
least 3 quantitative exposure categories. 

Inter-study heterogeneity was investigated with the Q_ statistic, 
and we considered P-values<0.10 as indicative of significant 
heterogeneity [14,15]. Breast cancer subgroup analyses were 
conducted on the basis of the country, study design, sample size, 
effect estimate (HR or RR), follow-up duration, adjusted alcohol 
intake, and alcohol intake. We also performed a sensitivity analysis 
by removing each individual study from the meta-analysis. 

Several methods were used to evaluate the potential publication 
bias. Funnel plots for the risk of breast cancer were visually 
inspected. The Egger [16] and Begg [17] tests were also used to 
statistically assess the pubhcation bias with respect to the breast 
cancer incidence. AU reported P values were 2-sided, and P 
values<0.05 were considered statistically significant for all 
included studies. STATA software (version 12.0; Stata Corpora- 
tion, College Station, TX, USA) was used to perform the statistical 
analyses. 

Results 

The results of the study-selection process are shown in Figure 1. 
We identified 640 articles during our initial electronic search, of 
which 482 were excluded as duphcates or irrelevant studies. A 
total of 158 potentially eligible studies were thus selected. After a 
detailed evaluation, 14 cohorts from 19 studies [18-36] were 
selected for the final meta-analysis. A manual search of the 
reference hsts of these studies did not yield any new eligible studies. 
The general characteristics of the included studies are presented in 
Table 1. 

Of the 14 included cohorts (for a total of 677,858 individuals), 
12 cohorts were from 16 prospective cohort studies [18- 
28,31,32,34,36] and 2 cohorts were from 3 nested case-control 
studies [29,30,33]. The participant follow-up period ranged 4.7- 
17.4 years and the number of individuals per study ranged 
11,699-88,818. Seven cohorts [18,19,21-24,27,33-35] were based 
in the US, 5 [25,26,28-32] in Europe, 1 [20] in Canada, and 1 
[36] in China. The study quality was assessed according to the 
NOS [8] (Table SI). Herein, we considered a study with a score S 
7 to be high quality. Overall, 3 cohorts [20,23,24,31] had scores of 
9, 9 cohorts [18,19,21,22,25,30,32,34,36] had scores of 8, 1 cohort 
[33] had a score of 7, and 1 cohort [35] had a score of 6. 

After pooling the included studies, the summary RR revealed 
that folate intake was not associated with breast cancer (RR for 
highest versus lowest category = 0.97; 95% CI, 0.90-1.05; 
P= 0.451; Figure 2); however, evidence of potentially significant 
heterogeneity was noted (1^ = 57.5%; P = 0.004). Consequently, a 
sensitivity analysis was conducted and after sequentially excluding 
each study from the pooled analysis, the conclusion was not found 
to be affected by the exclusion of any specific study. The dose- 
response meta-analysis findings did not suggest any association 
between the risk of breast cancer and a 1 00 |J,g/ day increase in 
folate intake (RR, 0.99; 95% CI, 0.98-1.01; P = 0.361; Figure 3), 
with substantial heterogeneity across studies (1^ = 66.2%; P< 
0.001). 

All studies were included in the dose-response meta-analysis of 
the relationship between folate intake and the risk of breast cancer. 
As shown in Figure 4 and by the P-value for nonlinearity 
(P = 0.007), we discovered evidence of a nonlinear relationship 
between folate intake and the risk of breast cancer. A daily folate 
intake of 200-320 |j.g was associated with reduced the risk of 
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RR 

(95% CI) 
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A Tj?nneland 2006 

U Ericson 2007 1 
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J Lin 2008 
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CM Duffy 2009 
MJ Shrubsole2011 
Overall 



1 

RR 
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1.23 (0.97, 
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1.24 (0.88, 
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1.11) 
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1.62) 
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2 0.97(0.90, 1.05); P=0.451 
(1=57.5%; P=0.004) 



Figure 2. Relative risl< estimates of breast cancer for Kiighest versus lowest folate intake category. 

doi:1 0.1 371 /journal.pone.01 00044.g002 



breast cancer. This potential preventive efTect was refuted up to a 
daily folate intake of 320 |J.g, and a small effect and borderline 
statistical significance was maintained up to a daily folate 
consumption of 400 |a,g; however, daily folate intake levels > 
400 |j.g was associated with increased the risk of breast cancer. 

A heterogeneity assessment of this analysis yielded a P- value < 
0.10. Accordingly, we conducted subgroup analyses to minimize 
heterogeneity among the included studies. Overall, we noted that 
folate intake level was associated with a reduced breast cancer risk 
if the patients had a daily alcohol intake > 1 0 g (RR for highest 



versus lowest category = 0.64; 95% CI: 0.43-0.97). Conversely, 
folate intake was associated with an increased risk of breast cancer 
when nested case-control studies were included (RR for highest 
versus lowest category = 1.23; 95% CI: 1.01-1.50; Figure 5). 
Furthermore, Subgroup analysis revealed that a 100 |J.g/day 
increment in folate intake was also associated with increased breast 
cancer risk (RR= 1.04; 95% CI: 1.01-1.07; Figure 5) when nested 
case-control studies were included. No other significant differences 
were identified with respect to the effects of increased folate intake 
in association with additional factors. 



Study 

Zhang S 1999 
Rohan TE 2000 
Sellers TA 2001 
HS Feigelson 2003 
L Baglietto 2005 
RZ Stolzenberg-Solomon 2006 
M Lajous 2006 
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SC Larsson 2008 
J Lin 2008 
SS Maruti 2009 
CM Duffy 2009 
MJ Shrubsole 2011 
Overali 
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(95% CI) 
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0.95 ( 0.93, 0.98) 
1.04 ( 1.00, 1.08) 
0.91 (0.82, 1.01) 
0.99 (0.96, 1.03) 

1.03 ( 0.98, 1.08) 

1.00(0.98, 1.01) 

1.00(0.98, 1.02) 

0.96(0.90, 1.03) 

0.99 (0.98, 1.01); P=0.361 
^ (F=66.2%; P<0.001) 



.3 



.5 
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Figure 3. Dose-response meta-analysis for per 100 |ig/day increment in folate intake for breast cancer. 

doi:1 0.1 371/journal.pone.01 00044.g003 
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Figure 4. Dose-response relations between folate intake and relative risks of breast cancer. 

doi:1 0.1 371 /journal.pone.01 00044.g004 



A review of the funnel plots did not rule out the possibility of 
publication bias with respect to breast cancer (Figure 6). However, 
the Egger [16] and Begg [17] test results did not show any 
evidence of publication bias, P = 0.936 and P = 0.913 for highest 
versus lowest category folate intake, respectively, and P = 0.576 
and P = 0.274 for a 100 |lg/day increment in folate intake, 
respectively. 

Discussion 

The current meta-analysis evaluated prospective studies to 
explore all possible correlations between folate intake and the risk 
of breast cancer. This large quantitative study included 677,858 
individuals from 12 prospective cohort studies and 2 nested case- 
control studies with a broad population range. The findings from 
our current meta-analysis suggest that there are no effects of 
increased folate intake on the incidence of breast cancer. 

A previous meta-analysis [6] of observational studies (cohort 
studies, nested case-control studies, and case-control studies) 
suggested that folate intake or blood folate levels had no effect 
on the risk of breast cancer and that adequate folate intake 
significantly reduced the risk of breast cancer in individuals with 
moderate or high levels of alcohol consumption. However, the 
various confounding factors present in case-control studies could 
lend bias to the results. Furthermore, the cutoff points for the 
folate intake categories differed among the studies. Finally, we also 
reported the association between folate intake and breast cancer in 
some specific subsets. Another meta-analysis of randomized 
controlled trials that was published by the B- Vitamin Treatment 
Triahsts' Collaboration [37] suggested that folic acid supplemen- 
tation did not affect the risk of breast cancer. An inherent 
limitation of the earlier meta-analysis was that the included trials 
had been designed to evaluate the effects of folic acid supplemen- 
tation on cardiovascular or other outcomes rather than cancer- 
related outcomes; additionally, the results had been derived from 
very few cases and should thus have been considered preliminary 



results. Furthermore, the follow-up duration was insufficiently long 
to demonstrate a clinical benefit and thus always yielded broad 
confidence intervals (i.e., no statistically significant difference). 
Thus far, no study has confirmed the association between folate 
intake and the risk of breast cancer. Therefore, we conducted a 
dose-response meta-analysis of the existing prospective studies in 
order to identify the optimal folate intake dose. 

Most of our findings agreed with those of a recently published 
large cohort study conducted in the US [18]; that prospective 
study included 88,8 1 8 individuals and found that participants who 
consumed >600 \lg of folate per day exhibited a 7% decrease in 
the risk of breast cancer when compared with individuals who 
consumed 150-299 |a.g of folate per day, although this decrease 
was not statistically significant. Furthermore, adequate folate 
intake might reduce the excess risk of breast cancer associated with 
alcohol consumption. Rohan et al. [20] also suggested that 
increased folate intake did not affect the overall risk of breast 
cancer but significantly reduced the risk of breast cancer in 
participants with a daily alcohol consumption level > 1 4 g. Our 
current study also indicated that increased folate intake level had 
no significant effect on the overall risk of breast cancer but that 
folate might play an important role with respect to the risk of 
breast cancer in participants with high alcohol consumption levels. 
Possible reasons for these findings might include the different 
folate intake category cutoff points among the studies as well as 
data collection methods that only compared the breast cancer risks 
at highest and lowest category folate intake levels. Furthermore, 
because folate could potentially promote tumor cell growth, high 
blood folate levels might be associated with an increased risk of 
breast cancer [38,39]. 

No significant difference was observed between increased folate 
intake and the risk of breast cancer. However, several studies that 
were included in our meta-analysis reported inconsistent results. 
Lajous et al. [28] indicated that folate intake level was associated 
with a reduced risk of breast cancer (highest versus lowest 
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A. Subgroup analysis for highest versus lowest folate intake category for breast cancer 



study 



Country 

US 

Other 
Study design 

Cohort study 

Nest case-contrb 
Sample Size 

>50000 

<50000 
Effect estimate 

RR 

HR 

Duration of follow-up 
more than 1 0 years 
less than 10 years 

Adjusted alcohol intake 
yes 
no 



RR 

(95% CI) 



1.01 ( 0.91, 1.11) 
0.92 ( 0.81, 1.06) 

0.95 ( 0.87, 1.02) 
1.23 ( 1.01, 1.50) 

0.94 ( 0.87, 1.03) 
1.01 ( 0.86, 1.18) 

0.97 ( 0.89, 1.07) 
0.94 ( 0.79, 1.13) 

0.98 ( 0.91, 1.06) 
0.96 ( 0.82, 1.12) 

0.94 ( 0.85, 1.03) 
1.04 ( 0.90, 1.19) 



.5 



1 

RR 



B. Subgroup analysis for per 100 ug/day increment in folate for breast cancer. 



study 
Country 

US 

Other 
Study design 

Cohort study 

Nest case-control study 
Sample Size 

>50000 

<50000 
Effect estimate 

RR 

HR 

Duration of follow-up 

more than 10 yeear 

less than 1 0 year 
Adjusted alcohol intake 

yes 

no 



RR 
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Figure 5. Subgroup analysis for breast cancer. 
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category). Furthermore, Ericson et al. [31] also suggested that 
folate intake was associated with reduced the risk of breast cancer 
by 44% (highest versus lowest category). However, those 2 cohorts 
had low power with which to detect the interaction between folate 
and alcohol intake and, moreover, most of the women in those 
cohorts consumed alcohol whereas few used folate supplements. 
These 2 factors could possibly explain why those studies found that 
folate exhibited an overall protective effect against breast cancer. 

In restricted cubic splines analysis, we identified a potential 
nonlinear relationship between folate intake and breast cancer 
suggestive of an association between a daily folate intake of 200- 



320 |ig and a lower breast cancer risk; however, a daily folate 
intake >400 |a,g appeared to significantly increase the risk of breast 
cancer. A possible explanation for this finding is that folate 
normally acts as a modulator of DNA synthesis, repair, and 
methylation [1] but at a daily folate intake >400 |a,g levels, folate 
might affect endothelial function and support cell growth [40] . 

A subgroup analysis suggested that increased folate intake was 
associated with reduced the risk of breast cancer in patients with a 
daily alcohol consumption level >10 g. Several studies [18—20] 
included in our analysis reported results consistent with this 
finding. Furthermore, folate intake was associated with increased 



A Funnel plot for high versus low folate intake for breast cancer 
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Figure 6. Funnel plot for breast cancer. 
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the risk of breast cancer when we pooled the nested case-control 
studies. However, this conclusion might have been unreliable 
because smaller cohorts were included in that subset. Therefore, 
we simply reported the relative result and thus provided a 
synthetic and comprehensive review. 

Two strengths of our study should be highlighted. First, only 
prospective studies were included; this restriction should have 
eliminated selection and recall biases, which might have been of 
concern with regard to the retrospective case-control studies. 
Second, the dose-response analysis included a broad folate intake 
range, thus allowing an accurate assessment of the dose-response 
relationship between folate intake and the risk of breast cancer. 

The limitations of our study were as follows: (1) publication bias 
is an inevitable problem in meta-analyses of published studies; (2) 
data regarding breast cancer in premenopausal or postmenopausal 
women were unavailable; and (3) the analysis used pooled data 
(individual data were not available), which restricted us from 
performing a more detailed relevant analysis and obtaining more 
comprehensive results. 

The results of this study suggest that increased folate intake has 
no significant effect on the risk of breast cancer. According to our 
dose-response meta-analysis, a daily folate intake of 200-320 (ig 

References 

1. Mason JB, Lcvcsquc T (1996) Folate effects on carcinogenesis and the potential 
for cancer chemoprevention. Oncology 10: 1727—1736. 

2. Choi SW, Mason JB (2002) Folate status: effects on pathways of colorectal 

carcinogenesis. J Nutr 132: 24I3S-8S. 

3. Collin SM, Metcalfe C, Rcfsum H, Lewis SJ, Zuccolo L, ct al (2010) Circulating 
Isolate, Vitamin B12, Homocysteine, Vitamin B12 Transport Proteins, and Risk 
of Prostate Cancer: a Case-Control Study, Systematic Review, and Meta- 
analysis. Cancer Epidemiol Biomarkers Prev 19; 1632-42. 

4. Larsson SC, Giovannueci E, VVolk A (2006) Folate Intake, MTIIFR 
Polymorphisms, and Risk of Esophageal, Gastric, and Pancreatic Cancer: A 
Meta-analysis. GASTROENTEROLOGY 131: 1271-1283. 

5. Kennedy DA, Stern SJ, Moretti M, Matok I, Sarkar M, et al (201 1) Folate intake 
and the risk of colorectal cancer: A systematic review and meta-analysis. Cancer 
Epidemiol 35: 2-10. 

6. Larsson SC, Giovannueci E, Wolk A (2007) Folate and Risk of Breast Cancer: A 
Meta-analysis. J Nad Cancer Inst 99: 64-76. 

7. Moher D, Liberati A, Tetzlaff J, PRISMA Group (2009) Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. Plos 
Medieme 6: el000097. 

8. Wells G, Shea B, O'Connell D (2009) The Neweastle-Ouawa Scale (NOS) for 
assessing the quality of nonrandomised studies in meta-analyses. Ottawa (ON): 
Ottawa Hospital Research Institute. Available: http://www.ohri.ca/programs/ 
clinical_epidemiology/ oxford.htm. 

9. Higgins JP, Green S (2011) Cochrane Handbook for Systematic Reviews of 
Interventions, Version 5.1.0; Available: www.cochrane-handbook.org. 

10. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin 
Trials 7: 177-88. 

1 1 . Ades AE, Lu G, Higgins JP (2005) l ire interpretation of random-effects 
metaanalysis in decision models. Med Deeis Making 25: 646-54. 

12. Orsini N, Bellocco R (2006) Generalized least se^uares for trend estimation of 
summarized dose-response data. Stata J 6: 40-57. 

13. Greenland S, Longncckcr MP (1992) Methods for trend estimation from 
summarized dose-response data, with applications to meta-analysis. 
AmJ Epidemiol 135: 1301-09. 

14. Decks JJ, Higgins JPT, Altman DG (2008) Analyzing data and undertaking 
meta-analyses. In: Higgins J, Green S, eds. Cochrane Handbook for Systematic Reviews 
of Interventions 5.0.1. Oxford, UK: The Cochrane Collaboration: chap 9. 

15. Higgins JPT, Thompson SG, Decks JJ, Altman DG (2003) Measuring 
inconsistency in meta-analyses. BMJ 327: 557-60. 

16. Egger M, Davey Smith (i, Sclmeider M, Minder C (1997) Bias in meta-analysis 
detected by a simple, graphical test. BA4J 315: 629—34. 

17. Begg CB, Mazumdar M (1994) Operating cliaracteristics of a rank correlation 
test for publication bias. Biometrics 50: 1088-1101. 

18. Zhang S, Hunter DJ, Hankinson SE, Giovannueci EL, Rosner BA, et al (1999) A 
prospective study of folate intake and the risk of breast cancer. JAMA 281: 
1632-37. 

19. Cho E, Spiegehnan D, Hunter DJ, Chen WY, Zhang SM, et al (2003) 
Premenopausal Intakes of Vitamins A, C, and E, Folate, and Carotcnoids, and 
Risk of Breast Cancer. Cancer Epidemiol Biomarkers Prev 12: 713—720. 

20. Rohan TE, Jain MG, Howe GR, Miller AB (2000) Dietary Folate Consumption 
and Breast Cancer Risk. J Natl Cancer Inst 92: 266-269. 



appeared to associate with a lower risk of breast cancer; in 
contrast, increased breast cancer risk was associated with a daily 
folate intake >400 ^g/d. Future studies should focus on specific 
populations in order to analyze primary breast cancer prevention. 

Supporting Information 

Table SI Quality scores of prospective cohort studies 
using Newcastle-Ottawa Scale. 

(DOC) 

Table S2 Daily intakes of folate and risk of breast 
cancer data in included studies. 

(DOC) 

CheckUst SI PRISMA Checklist. 

(DOC) 

Autlior Contributions 

Conceived and designed the experiments: Y-HZ. Performed the experi- 
ments: Y-HZ H-FG W-WS A-JH Y-FZ. Analyzed the data: Y-HZ LZ. 
Contributed reagents/ materials/ analysis tools: Y-HZ. Wrote the paper: Y- 
HZ. 



21. SeUers TA, Kushi LH, Cerhan JR, Vierkant RA, Gapstur SM, et al (2001) 
Dietary Folate Intake, Alcohol, and Risk of Breast Cancer in a Prospective Study 
of Postmenopausal Women. EPIDEMIOLOGY 12: 420-^28. 

22. Sellers TA, Grabrick DM, Vierkant RA, Harnack L, Olson JE, et al (2004) Does 
folate intake decrease risk of postmenopausal breast cancer among women with 
a family history? Cancer Causes and Control 15: 113-120. 

23. I'cigelson HS, Jonas CR, Robertson AS, MeCuUough .\1L, Thun .\1J, et al 
(2003) Alcohol, Folate, Methionine, and Risk of Incident Breast Cancer in the 
American Cancer Society Cancer Prevention Study 11 Nutrition Cohort. Cancer 
Epidemiol Biomarkers Prev 12: 161—164. 

24. Stevens VL, McCullough ML, Sun J, Gapstur SM (2010) Folate and other one- 
carbon metabolism-related nutrients and risk of postmenopausal breast cancer 
in the Cancer Prevention Study 11 Nutiition Cohort. AmJ Clin Nuti 91: 1708- 
15. 

25. Baglietto L, English DR, Gcrtig DM, Hopper JL, Giles GG (2005) Does dietary 
folate intake modifv effect of alcohol consumption on breast cancer risk? 
Prospective cohort study. BMJ 331: 807. 

26. BassettJK, Baglietto L, Hodge AM, Severi G, Hopper JL, et al (2013) Dietary 
intake of B vitamins and methionine and breast cancer risk. Cancer Causes 
Control 24: 155,5-63. 

27. Stolzcnbcrg-Solomon RZ, Chang SC, Leitzmaim MF^, Johnson K\, Johnson C, 
et al (2006) Folate intake, alcohol use, and postmenopausal breast cancer risk in 
the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. AmJ Clin 
Nuti- 83: 895-904. 

28. Lajous M, Romieu I, Sabia S, Boution-Ruault MC, Clavel-Chapelon F (2006) 
Folate, vitamin B12 and postmenopausal breast cancer in a prospective study of 
French women. Cancer Causes Control 17: 1209-1213. 

29. Tjonneland A, Christensen J, Olsen A, Stripp C, Nissen SB, et al (2006) Folate 
intake, alcohol and risk of breast cancer among postmenopausal women in 
Denmark. Eur J Clin Nutr 60: 280-286. 

30. Roswall N, Olsen \ Christensen J, Dragsted LO, Overvad K, et al (2010) 
Micronutrient intake and breast cancer characteristics among postmenopausal 
women. Eur J Cancer Prev 19: 360-365. 

31. Ericson U, Sonestedt E, Gullberg B, Olsson H, Wirfalt E (2007) High folate 
intake is associated with lower breast cancer incidence in postmenopausal 
women in the Malm5 Diet and Cancer cohort. AmJ Clin Nuti 86: 434-^3. 

32. Larsson SC, Bergkvist L, Wolk A (2008) Folate Intake and Risk of Breast Cancer 
by Estrogen anel Progesterone Receptor Status in a Swedish Cohort. Cancer 
Epidemiol Biomarkers Prev 17: 3444-3449. 

33. Lin J, Lee IM, Cook NR, Selhub J, .\lanson JE, et al (2008) Plasma fhlatc, 
vitamin B-6, vitamin B-12, and risk of breast cancer in women. AmJ Clin Nutr 
87: 734-43. 

34. Maruti SS, Ulrich CM, White E (2009) Folate and one-carbon metabolism 
nutrients from supplements and diet in relation to breast cancer risk. AmJ Clin 
Nutr 89: 624-33. 

35. Duffy CM, Assaf A, Cyr M, Burkholder G, Coccio E, et al (2009) Alcohol and 
folate intake and breast cancer risk in the WHI Observational Study. Breast 
Cancer Res Treat 116: 551-562. 

36. Shrubsole MJ, Shu XO, Li HL, Cai H, Yang G, ct al (201 1) Dietary B Vitamin 
and Methionine Intakes and Breast Cancer Risk Among Chinese Women. 
AmJ Epidemiol 173: 1171-1182. 



PLOS ONE I www.plosone.org 



10 



June 2014 I Volume 9 | Issue 6 | el 00044 



Folate Intake and Risk of Breast Cancer 



37. B-Vitamin Treatment I'rialists' Collaboration (2013) Elfects of folic acid 
supplementation on overall and site-specific cancer incidence during the 
randomised trials: meta-analyses of data on 50,000 individuals. Lancet 381; 
1029-36. 

38. Ebbing M, Bonaa KH, Nygard O, Amesen E, Ueland PM, et al (2009) Cancer 
incidence and mortality after treatment with folic acid and vitamin B 12. JAMA 
302: 2119-2126. 



39. Mason JB, Dickstcin A, Jacques PF, Haggarty P, Selhub J, ct al (2007) A 
temporal association between folic acid fortification and an increase in colorectal 
cancer rates may be illuminating important biological principles: a hypothesis. 
Cancer Epidemiol Biomarkers Prev 16: 1325-1329. 

40. Zhang SM, Cook NR, Christine MA, Gaziano JM, BuringJE, ct al (2008) Effect 
of combined folic acid, vitamin B6, and vitamin B12 on cancer risk in women: a 
randomized trial. JAMA 300: 2012-2021. 



PLOS ONE I www.plosone.org 



11 



June 2014 I Volume 9 | Issue 6 | el 00044 



